A halotolerant actinobacterial strain, designated EGI 80423 T , was isolated from a desert soil of Xinjiang, north-west China, and subjected to a polyphasic taxonomic characterization. Strain EGI 80423 T grew at pH 7.0-10.0 and with 0-14.0 % (w/v) NaCl, optimally at pH 8.0-9.0 and with 2.0-4.0 % (w/v) NaCl. Cells of strain EGI 80423 T were Gram-stain-positive, non-motile cocci with diameters of 0.6-0.8 mm. The diagnostic diamino acid of the peptidoglycan was ornithine, and the interpeptide bridge was OrnrGlu. The major fatty acids identified were iso-C 17 : 1 v9c, iso-C 15 : 0 and iso-C 17 : 0 . The predominant menaquinone was MK-8(H 4 ), while the polar lipids were diphosphatidylglycerol, phosphatidylglycerol, two unknown phospholipids, two unknown glycolipids, six unknown phosphoglycolipids and five unknown polar lipids. The G+C content of the genomic DNA was 72.8 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain EGI 80423 T clustered with the single member of the genus Ornithinicoccus. Sequence similarity between strain EGI 80423 T and Ornithinicoccus hortensis NBRC 16434 T . Because the type strain has been provided by NBRC, Japan was 97.7 %. The DNA-DNA relatedness value between strain EGI 80423 T and O. hortensis NBRC 16434 T was 36.84 %. Based on morphological, chemotaxonomic and phylogenetic characteristics, and DNA-DNA hybridization data, strain EGI 80423 T represents a novel species of the genus Ornithinicoccus, for which the name Ornithinicoccus halotolerans sp. nov. is proposed. The type strain is EGI 80423 T (5CGMCC 1.14989 T 5KCTC 39700 T ). The description of the genus Ornithinicoccus has also been emended.
The genus Ornithinicoccus was proposed by Groth et al. (1999) . At that time, whether the genus fell within the family Intrasporangiaceae was not definite due to its distinct 16S rRNA gene signature nucleotides from those of other genera in the family (Stackebrandt & Schumann, 2000) . Later, phylogenetic analysis of additional 16S rRNA gene sequences confirmed that the genus Ornithinicoccus should be affiliated to the family Intrasporangiaceae (Garrity et al., 2007; Zhi et al., 2009) . Currently, the genus comprises only one recognized species, Ornithinicoccus hortensis (http://www.bacterio.net/). The genus has several distinguishing features from other genera of the family: A4b peptidoglycan type; coccus morphology; MK-8(H 4 ) as the predominant menaquinone;
3These authors contributed equally to this work. IP: 54.70.40.11 On: Fri, 21 Dec 2018 19:52:15 iso-C 15 : 0 and anteiso-C 15 : 0 as major fatty acids; and specific 16S rRNA gene signature nucleotides (Groth et al., 1999; Kämpfer & Groth, 2012) . However, this monospecies genus provides only limited taxonomic information, which suggests that novel isolates are greatly needed to provide additional data for its revision. During research on actinobacterial diversity, a novel halotolerant strain, designated EGI 80423 T , was isolated from a desert soil of Xinjiang, north-west China. Here we report the polyphasic characterization of strain EGI 80423 T , and the data obtained suggest that the isolate represents a novel species of the genus Ornithinicoccus.
Strain EGI 80423 T was isolated from a desert sample collected from Karamayi, Xinjiang, north-west China. Ten grams of soil was placed into a sterilized Petri dish, and dried at room temperature for 7 days. The soil was then diluted to concentrations of 10 23 and 10 24 , and 100 ml of each was spread on R2A agar (Reasoner & Geldreich, 1985) modified with pH adjusted to 10 with autoclaved 10 M NaOH. After 3 weeks of incubation at 30 8C, a microcolony was picked and purified. The strain was maintained on R2A agar modified with 2 % (w/v) NaCl added and pH adjusted to 9.0 with autoclaved NaOH. Strain EGI 80423 T was preserved as a 20 % glycerol suspension at 280 8C. The isolate was cultured on the modified R2A agar as described above for 14-28 days at 30 8C. Gram staining was performed as described by Gregersen (1978) following the standard Gram reaction combined with the KOH lysis method. Morphological features were observed by light microscopy (Olympus microscope BH-2) and scanning electron microscopy (Quanta 200; FEI). Colours of colonies were determined with the ISCC-NBS colour charts (Kelly, 1964) . Carbon source utilization tests were performed according to the methods described by Shirling & Gottlieb (1966) . Nitrogen source utilization tests were analysed as described by Williams et al. (1983) . NaCl tolerance tests were performed on R2A agar (Reasoner & Geldreich, 1985) adjusted to pH 9.0 with NaOH and supplemented with various concentrations of NaCl (0-15 %, at intervals of 1 %, w/v). The temperature range for growth was examined at 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 8C on R2A agar modified with 2 % (w/v) NaCl added and pH adjusted to 9.0 with autoclaved 10 M NaOH. Growth at different pH values (4.0-12.0, at intervals of 1.0 pH unit) was examined in R2A broth using the buffer systems described by Xu et al. (2005) . Sensitivity to antibiotics was examined by placing commercial antibiotic discs (Hangzhou Microbial Reagent) on the modified R2A agar plates that had been spread with the isolates and then incubated at 30 8C for 14 days. Physiological and biochemical characteristics were examined as described previously (Goodfellow, 1971; Williams et al., 1983) .
Cells of strain EGI 80423 T were Gram-stain-positive, nonmotile irregular cocci with diameters of 0.6-0.8 mm (Fig. 1 ). Cells usually occurred singly and in pairs, rarely in short chains. Colonies of the isolate were extremely pale yellow, smooth, of moderate convexity and circular with different diameters (j0.5 mm). No soluble pigment was observed on R2A agar.
Growth of strain EGI 80423 T occurred at pH 7.0-10.0 and 25-35 8C, optimally at pH 8.0-9.0 and 30 8C. The isolate was able to tolerate 14.0 % (w/v) NaCl. Strain EGI 80423 T grew very weakly on R2A agar, and the addition of 2.0-4.0 % (w/v) NaCl promoted its growth, which indicated that the isolate is halotolerant. The reaction for catalase was positive, but those for nitrate reduction, coagulation and peptonization of skimmed milk and production of H 2 S were negative. Strain EGI 80423 T was able to degrade tryptophan, but could not hydrolyse casein, cellulose, starch, or Tweens 20, 40, 60 and 80. Other physiological and biochemical characteristics of the isolate are given in Table 1 and the species description below.
Biomass for chemical and molecular studies was obtained by cultivation in shake flasks (about 150 r.p.m.) using R2A broth modified with 2 % (w/v) NaCl added and pH adjusted to 9.0 with NaOH after incubation at 30 8C for 3 weeks. A purified cell-wall preparation was obtained and hydrolysed as described by Schleifer & Kandler (1972) and analysed according to the method of Tang et al. (2009) . Whole-cell sugars were detected after precolumn derivatization with 1-phenyl-3-methyl-5-pyrazolone by HPLC (Tang et al., 2009) . Mycolic acids were determined by one-dimensional TLC according to the method of Minnikin et al. (1975) . Polar lipids were extracted by two-dimensional TLC and identified following the method of Minnikin et al. (1984) . Menaquinones were extracted and purified according to Collins et al. (1977) and were analysed by HPLC (Groth et al., 1996) . For fatty acid analysis, strain EGI 80423 T was cultured in tripticase soy broth medium modified with addition of 2 % (w/v) NaCl and pH adjusted to 9.0 with NaOH at 30 8C for 14 days. Cellular fatty acid analysis was performed as described by Sasser (1990) according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System. For determination of G+C content, the genomic DNA of EGI 80423 T was prepared according to Marmur (1961) . The G+C content of the DNA was determined by the HPLC method (Mesbah et al., 1989) .
The purified cell wall of strain EGI 80423 T contained ornithine, alanine and glutamic acid in a molar ratio of 0.3 : 2.0 : 0.9, while that of O. hortensis NBRC 16434 T contained ornithine, glutamic acid, glycine and alanine in a molar ratio of 1.0 : 3.3 : 3.4 : 2.2, which is different from that previously reported (Groth et al., 1999) (Fig. S1 , available in the online Supplementary Material). The reasons for this may be related to the different methods used for peptidoglycan amino acid analysis. Compared with the peptidoglycan type (A4b) (an L-OrnrGly(1,2)rD-Glu interpeptide bridge) of O. hortensis NBRC 16434 T (Groth et al., 1999) , it was deduced that strain EGI 80423 T contains a peptidoglycan of type A4b with an OrnrGlu interpeptide bridge (Schumann, 2011) . Whole-cell hydrolysates contained glucose as the major sugar, as well as galactose, mannose and rhamnose as minor sugars. Mycolic acids were not detected. The predominant menaquinone detected was MK-8(H 4 ). The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, two unknown phospholipids, two unknown glycolipids, six unknown phosphoglycolipids and five unknown polar lipids (Fig. S2 ). The main fatty acids of strain EGI 80423 T (.10 %) were iso-C 17 : 1 v9c, iso-C 15 : 0 and iso-C 17 : 0 . The detailed fatty acid profile of strain EGI 80423 T is given in Table S1 . The DNA G+C content of strain EGI 80423 T was 72.8 mol%.
Genomic DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out using the procedures described by Li et al. (2007) . Multiple alignments Table 1 . Phenotypic characteristics that distinguish strain EGI 80423 T from its closest phylogenetic neighbour Ornithinicoccus hortensis NBRC 16434 T Data are from this study. +, Positive, utilized; 2, negative, not utilized. The two strains are unable to hydrolyse casein, cellulose or starch, and show negative reactions for H 2 S production and Voges-Proskauer test. They can use dulcitol, D-arabinose, cellobiose, lactose, L-rhamnose, raffinose, D-ribose, trehalose and D-xylitol as sole carbon source, and L-aspartic acid, L-cysteine and L-glutamic acid as sole nitrogen source, but not L-threonine, L-proline or L-serine. Both are sensitive to penicillin G (10 mg), ampicillin (10 mg), cefotaxime (30 mg), kanamycin (30 mg), streptomycin (10 mg), neomycin (30 mg), chloramphenicol (30 mg), amphozone (30 mg), polymyxin B (300 mg) and rifampicin (5 mg), but resistant to tetracycline (30 mg), spectinomycin (100 mg), erythromycin (15 mg), vancomycin (30 mg) and novobiocin (30 mg).
Characteristic
EGI 80423 with sequences of members of the family Intrasporangiaceae and calculations of levels of sequence similarity were carried out using the EzTaxon-e server (http://eztaxone.ezbiocloud.net/; Kim et al., 2012) on the basis of 16S rRNA gene sequence data. Phylogenetic analysis was performed using three tree-making algorithms: the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods by using the software MEGA6 (Tamura et al., 2013) . The topologies of the resultant trees were evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. DNA-DNA hybridization was performed using the fluorometric microwell method (Ezaki et al., 1989) . (Fig. 2 ), and this relationship was supported by all other tree-making methods used in this study.
As described above, strain EGI 80423 T showed the closest phylogenetic relationship tp O. hortensis NBRC 16434 T , and also possessed other characteristics typical of the genus Ornithinicoccus: peptidoglycan type A4b, coccus morphology, similar whole-cell sugars, MK-8(H 4 ) as the predominant menaquinone, major fatty acids (iso-C 15 : 0 and iso-C 17 : 0 ) and main phospholipids (diphosphatidylglycerol and phosphatidylglycerol). These features indicated that strain EGI 80423 T belongs to the genus Ornithinicoccus. However, strain EGI 80423 T possessed some distinct features from O. hortensis NBRC 16434 T (Fig. S1 ; Tables 1 and S1): OrnrGlu as the peptidoglycan interpeptide bridge compared with an L-Ornr Gly(1,2)rD-Glu interpeptide bridge for O. hortensis NBRC 16434 T (Groth et al., 1999) (Fig. S1) ; iso-C 17 : 1 v9c (33.0 %) as the predominant fatty acid (Table S1 ); and absence of phosphatidylinositol and phosphatidylserine (Fig. S1 ). Morphologically, strain EGI 80423 T had a smaller cell size and colony size (0.6-0.8 mm) than those of its closest phylogenetic neighbour O. hortensis NBRC 16434 T . Phenotypically, the new isolate hydrolysed Tweens 20, 40, 60 and 80, while its neighbour could not; the new isolate showed a negative reaction for nitrate reduction, while O. hortensis showed a positive reaction. Interestingly, strain EGI 80423 T utilized narrower ranges of carbon and nitrogen sources than those of O. hortensis NBRC 16434 T (Table 1) . Furthermore, cells of strain EGI 80423 T were sensitive to gentamicin (10 mg), cephalotin (30 mg), roxithromycin (15 mg) and azithromycin (15 mg), while its closest neighbour was resistant to these four antibiotics. As 16S rRNA gene signature nucleotides, strain EGI 80423 T differed markedly from O. hortensis NBRC 16434 T in the following sites: 140 : 223 (C-G), 658 : 748 (C-U), 839 : 847 (C-G), 1007 : 1022 (C--), 1133 : 1141 (G-C) and 1134 : 1140 (G-G) (Kämpfer & Groth, 2012) . Other detailed differential characteristics are given in Table 1 . Meanwhile, the DNA-DNA relatedness value between strain EGI 80423 T and O. hortensis NBRC 16434 T was 36.84 %, a value well below the 70 % cut-off point generally recognized for genomic species (Stackebrandt & Goebel, 1994) . Therefore, based on the phenotypic, chemotaxonomic and phylogenetic characteristics and DNA-DNA hybridization data described above, we conclude that strain EGI 80423 T is representative of a novel species in the genus Ornithinicoccus and the name Ornithinicoccus halotolerans sp. nov. is proposed. As a consequence of the newly reported characteristics, the description of the genus Ornithinicoccus (Groth et al., 1999) has been emended.
Emended description of the genus
Ornithinicoccus Groth et al. 1999 The description of the genus is as given previously (Groth et al., 1999) , but with the following amendments. Cell diameters vary from 0.6 to 1.3 mm. The peptidoglycan type is A4b with L-OrnrGly(1,2)rD-Glu or OrnrGlu as interpeptide bridge. The polar lipid profile may or may not contain phosphatidylinositol and phosphatidylserine. Bootstrap values (expressed as percentages of 1000 replications) of above 50 % are shown at the branch nodes. Asterisks indicate that the clades were conserved when the maximum-parsimony and maximum-likelihood methods were used to reconstruct the phylogenetic trees. Bar, 0.005 changes per position.
Description of

